Background and Aims: The influence of grapevine rootstocks on vine vigour and crop yield is recognized as an integral part of viticultural management. However, the genetic potential of Vitis species rootstock hybrids for vigour and yield control is not fully exploited in Australian viticulture. The effect of 55 novel inter-and intraspecies hybrids and five traditional hybrid rootstock cultivars on winter pruning weight, berry size and fruit yield of grafted Shiraz vines is presented. The genetic predictions that resulted from this analysis were used to illustrate how rootstocks that best perform for a combination of traits may be selected.
varieties on scions (Rives 1971) which will lead to a more accurate prediction of the 18 outcome of selective breeding. In this paper, we used linear mixed models and 19 residual maximum likelihood procedures (Gilmour et al. 1995) to take into account 20 various aspects of the environmental, temporal, and genetic variation residing within 21 the trial to more accurately partition the variance due to each variable (Gilmour et al. 22 1997) . This allowed the calculation of the best linear unbiased predictions (BLUPs, 23 Robinson 1991) of the effects of 55 non-traditional multi-species hybrid rootstocks 24 and 5 traditional rootstock varieties on mature grafted Shiraz grapevines. We 25 investigated rootstocks effects on vine vigour (measured as winter pruning weight 26 following Ravaz (1911) and Rives (1971) ), berry weight and fruit yield over six years 27 of observations. In addition, the genotypes identified by this contemporary statistical 28 analysis that best satisfied a predefined multi-trait selection regime were compared to 29 those identified with the use of arithmetic trial means alone. This comparison clearly 30 illustrated how the choice of statistical analysis technique may influence the outcome 31 of genetic selection from field trial data. 32
Materials and Methods 1 2

Trial site and design 3
The trial was established in 1989 at Koorlong (34° 15' 32" S, 142° 7' 59" E) in the 4 warm climate inland irrigation region of Sunraysia (Victoria, Australia). The trial is 5 situated on sandy calcareous earths (Northcote 1988), on a slight north-south slope 6 with east-west running rows 3 m apart, with 1.8 m between vines along rows. 7
The trial, consisting of 6 replicates (2 vine plots) of each rootstock genotype, was 8 planted in 1989, with vine propagation and grafting carried out in 1988. Vines were 9 bench grafted and planted in the same season. It was assessed over 6 years from 1993 10 to 1998. The trial was designed with 5 of the 6 replicates planted as adjacent 11 complete blocks, with the sixth replicate split into two incomplete blocks situated at 12 either end of the five adjacent complete blocks. Once established, the vines were spur 13 a factor with 60 levels) defined the "treatment" structure while block, field row, field 10 column and field plot (with 6, 12, 60, 360 levels respectively) were included in all 11 models as random terms to account for either the design randomisation processes or 12 extraneous variation arising from spatial heterogeneity in the field. 13
As a small number of vines were replaced after early stage mortality (propagated in 14 the same way as the original vines), a covariate based on the year of re-planting was 15 created and included in all models as a fixed term. Where necessary additional 16 covariance models were included at the residual level, typically based on the 17 separable first order autoregressive model described in Cullis and Gleeson (1991). To 18 account for spatial variation not adequately dealt with by the randomized trial design, 19 spatial covariance models were applied in the field row and field column direction 20 where appropriate (Cullis and Gleeson, 1991). Similarly, to account for temporal 21 correlation across years (e.g. Verbyla and Cullis 1992; Jaffrezic and Pletcher 2000), 22 covariance models were included for each random term which contributed in a major 23 way to the total variation. Covariance models used included the uniform and ante-24 dependence models as appropriate (Wolfinger 1996; Jaffrezic et al. 2003 ). An 25 antedependence covariance model was also used for the residuals. Arithmetic means across all years were also calculated for each trait to allow 1 comparison with rootstock genotype predictions based on BLUP estimates. An 2 arbitrary selection regime that identified potential commercially favourable 3 rootstocks, in terms of the traits examined in this study, was then applied to illustrate 4 how the identification of optimal genotypes may differ depending on the statistical 5 technique used for genotype evaluation. This selection regime identified rootstocks 6 that conferred low to medium vine vigour, medium to high yield, small berry size 7 whilst maintaining vine balance (Smart 1991) . consistency from year to year. However in both traits (in particular fruit yield, Table  23 2), a decrease in genetic correlation with increasing time between observations was 24 evident, hence, the ante-dependence covariance structure over years described earlier The ranking of rootstock genotype performance based on BLUPs showed marked 7 differences to that based on trial means (Figure 2 ). Of the 21 low vigour genotypes 8 that would be selected under an arbitrary low vigour pruning weight range of 1.0 to 9 2.0 kg based on BLUP values, sixteen genotypes were selected in common with those 10 identified for the same selection range using trial means, with two additional 11 genotypes identified using trial means, that fell outside the specified range of BLUP 12 genotype values. Similarly, differences were identified when applying a medium to 13 high yield selection range of between 10.0 and 11.0 kg, and a low berry weight 14 selection range of 1.2 to 1.3 g (Figure 2 ). When genotypes were ranked by the 15 commonly used Ravaz Index (ratio of vine yield (kg) to pruning weight (kg), Ravaz 16 (1911)), differences between estimates based on the two approaches were magnified, 17 especially in genotypes that produced vines which showed a larger yield to vigour 18 ratio ( Figure 2d indicating that selection for rootstock influence on berry weight may not be able to be 7 made reliably from any one single year of results. This also indicated that the 8 inclusion of the standard exponential decay covariance structure for repeated 9 measures in the model was not appropriate for this trait. The lower heritability values 10 for conferred berry weight in comparison to fruit yield and pruning weight could be 11 caused by weaker genetic control in this situation, reduced genetic variability in this 12 trait within the genetic material studied (as seen in the relatively narrow range of 13 berry weight BLUP values), a sampling methodology that is prone to more error than 14 the total yield and pruning weight measures, or a combination of these factors. weight evident in high vigour rootstocks in this study, it is apparent that the non-32 traditional hybrid genotypes that conferred less vigour than the traditional varieties in 33 the field trial maintained preferable yield to pruning weight ratios under the trial 34 environment and management regime. By considering the BLUP genotype values for 1 all three traits, it was possible to illustrate how ten percent of the genotypes studied 2 that best satisfied predefined yield, vigour and berry weight prerequisites could be 3 selected, in the absence of genotype by environment information. While this provides 4 an example of multi-trait selection (Falconer and Mackay 1996) in its most simplistic 5 form, it illustrates the significant potential that exists for development of improved 6 grapevine rootstocks that are specific to industry requirements. Recently, highly 7 replicated grafted rootstock genetic trials that comprise a broad range of germplasm 8 and include the pedigree structure required to allow estimation of additive genetic 9 effects (Falconer and Mackay 1996), have been implemented. These trials will 10 provide information on the genetic control of a range of crucial traits with high 11 resolution and facilitate the development of a functional multi-trait selection index 12 that will significantly improve the efficiency of grapevine rootstock breeding in 13 4  10  11  25  13  7  44  47  9  40  24  55  52  19  51  54  35  50  43  16  17  36  42  53  34  33  1  14  45  1103P  46  20  22  26  18  41  39  6  Freedom  140R  21  Ramsey  48  49  23 
